Nitrogen use efficiency, more specifically physiological nitrogen use efficiency depends primarily on management of N, one of the major essential nutrients. It is required in increased agricultural production and may possibly cause soil toxicity if fed in excess. Rate of N fertilizer application in fertile agricultural field and improved productivity in sterile soils require the improvement of NUE. A field experiment was therefore conducted to evaluate the effect of different N levels (N 0 , N 50 , N 100 and N 200 ) on rice genotypes. Vegetative plant growth was found to be reduced under N 0 while improved at N 200 level. Among the genotypes, highest PNUE (34.94) and correspondingly higher yield (7.15 ton ha -1 ) was observed for Krishna Hamsa. The other traits viz. plant height, no. of productive tillers and LAI exhibited higher values for Krishna Hamsa as well. Hence these can be utilized as physiological markers for the selection of rice genotypes efficient in N use.
Introduction
Rice is a staple and an important food crop around the whole world serving the food requirements of more than half of the world population. A major part of rice production is produced and consumed in Asia (Fageria 2001) . With the ever increasing population its production should necessarily rise by more than 60% in the coming three decades to fulfill the hunger demands. Unfortunately, rice and other grain production have been observed to be stagnant for more than ten years raising a serious concern owing to a wide gap between the increased demand and decreased supply of food grains. Development of fertilizer re-sponsive varieties in the green revolution (Ladha and Reddy 2003) , competition for N uptake between crop plants and nitrifying and denitrifying bacteria, volatilization, leaching of N (Galloway et al. 2008 ) has led to the N exhaustion from the farmland and generated the necessity of judicious rates of the fertilizer use in rice production. Moreover, it is among the most limiting macronutrient in rice production, due to its high requirement of about 1 kg of nitrogen to produce 15-20 kg of grains. Lowland varieties of tropics in particular are more susceptible to N deficiency with a recovery efficiency of 30 to 50% of the N supplied (De Datta 1986; Fageria and Baligar 2001) . Since fertilizers are considered to be quite expensive it becomes highly essential to apply doses that would prove not only appropriate but economical as well. In general crop plants are inefficient at nitrogen uptake from the soil, with as much as 50 to 75% of applied N being left unused by the plants (Pilbeam 1996; Hodge et al. 2000) . Though N is crucially needed by plants for their development its excess in soils may have a negative impact on the environment such as contributing to water pollution and the greenhouse effect. Therefore, next to fertilization of soils selection of N use efficient crops must be an important target so as to gain a production of higher yields with a reduced N application per hectare. It would add to the reduction in costs of farmers input invested from his hard earned money (Khurana et al. 2007) .
N use, Grain yield and N accumulation, N in aboveground plant biomass, N harvest index, and grain N accumulation are the key indicators of N use efficiency (Huggins and Pan 2003) . As to have a cumulative impact in the development of cereal based cropping system less amount of fertilizer and N use efficient (NUE) crop plants should be chosen. However, most of the studies have been carried out under the same environmental conditions those concerning with N use efficiency and yield under different environmental conditions are still limited. In the light of above consideration an attempt has been made in this present study to evaluate the variability of yield and NUE under different N levels.
Materials and Methods
The present study was performed during rainy seasons of 2008 and 2009 at the N. E. Borlaug Crop Research Centre, G. B. Pant University of Agriculture and Technology Pantnagar, Uttarakhand, India. Geographically, the site lies in the tarai plains about 30 km southwards of foothills of Shivalik range of Himalayas at 29ºN latitude, 79 º 29' E longitudes and at an altitude 243.8 meter above the sea level. The soil of the Experimental site was silty clay loam in texture (32% sand, 39% silt and 29% clay), alkaline in reaction (pH 7.3), low in organic carbon (0.36%) having 200 kg ha -1 available N. The experimental field was laid out in split plot design with three replications. The different rice genotypes, namely Vasumati, Kasturi, Tulsi and Krishna Hamsa, were utilized for evaluation under N levels (0, 50, 100 and 200 kg/ha N). Chlorophyll content was determined in fresh leaves at flowering stage by using a method described by Hiscox and Isralesham (1979) . Biological and grain yield from each plot was recorded after harvesting and finally expressed as t/ha.N content of different plant parts was determined at maturity by the method of micro-Kjeldahl digestion according to A.O.A.C. (1970) . Agronomical and physiological N use efficiency was calculated according to Quanbao et al. (2007) . ANUE can be expressed as difference in grain yield between that recorded at N application and without N application per unit of N application. Similarly PNUE can be expressed as difference in grain yield between that recorded at N application and without N application per unit of difference in total plant N uptake between that observed at N application and without N application. The statistical analysis of data for all the parameters was carried out with analysis of variance for split plot design. The means were tested at P > 0.05 using SPSS-16 software. The letters indicate significance level for comparison of means and their interactive effect.
Results

Plant height
The increment in plant height was in congruence with increasing N fertilizer application during both the years 2008 and 2009 at active tillering (Table 1) 
Tiller number
Tiller number was significant in response to different N doses during both the years for all the genotypes (Table 1) (Table 1) . Amongst the treatments, all the genotypes were found to be most responsive at the treatment N 200 showing maximum increase in LAI in comparison to the control during both the years. However, primary and secondary branches were not significantly affected by N treatments during both the years (Table 1) 
Chlorophyll content
Chlorophyll a, chlorophyll b and total chlorophyll content ( 
Biological yield and grain yield
The observations recorded for biological yield showed positive correlation with the plant vegetative growth parameters as well as different N levels (Fig. 1) . Among all the genotypes Krishna Hamsa showed maximum increase in biological yield with an increase of 47.11% at N 200 in comparison to control, during 2008. However, during 2009, highest increase in biological yield was recorded for Tulsi (45.45% increase) at N 100 as compared to control.
During both the years, Krishna Hamsa showed maximum increase in grain yield (Fig. 2 ) in comparison to all other genotypes in response to different N treatments. During 2008, Krishna Hamsa showed maximum increase in grain yield at N 50 , i.e. 48.57% as compared to control. However, during 2009 grain yield was found to be increased with increasing N levels and was found to be maximum at N 100 level for most of the genotypes, with highest grain recorded for the genotype Krishna Hamsa (7.15 t ha -1
) showing an increment of 44.5% in comparison to control. It was observed that biological and grain yield of all the genotypes were significantly affected with increasing N levels.
Grain harvest index
The influence of different N levels on GHI (Grain Harvest Index) is shown in Fig. 3 . It was observed in 2008 that GHI was found to be maximum for Krishna Hamsa, i.e. 31.56 at N 50 level with the increase of 3.64% as compared to control and minimum for Vasumati, 
Grain N content
The effect of different N levels on N (%) in grains is presented in 
Nitrogen use efficiency
Agronomic N use efficiency was defined as the ratio of grain yield with N application minus grain yield without N application to N application and was used to describe the capability of yield increase per kilogram pure N. With increase in N application, ANUE of all genotypes was found to be decreased significantly. It indicated that the capability of yield increase per kilogram pure N declined remarkably with increasing N application. Physiological N use efficiency (defined as the ratio of yield increased with N application to total plant N uptake) increased with N application and reflected the utilization of absorbed N by rice plant. PNUE of all genotypes decreased significantly with increase in N application. Agronomical and physiological N use efficiency decreased with increasing N levels during both the years ( 
Discussion
Plant height might be increased due to enhanced vegetative growth with more N supply to plant that increase in plant height with increased application of N. Similar findings have also been reported by (Manzoor et al. 2006) . Likewise, tiller number per square meter also increased with the increase in N content absorbed by the crop plant in the earlier investigations (Yoshida et al. 1972; Galloway et al. 2008) . Hence in the present investigation increased in tiller number was due to the increase in the availability, absorption and accumulation of N by the rice plants. The results of present study are supported by the findings of Yosef (2012) in which maximum tiller number (27.6) was observed under 150 kg/ha N fertilizer and minimum tiller, i.e. (22.8) was obtained for 50 kg/ha N fertilizer. N is also very important to yield because of its key role in cell division. If cell division is stopped, the leaf area decreases and crop plant thereby loses its potential to produce an adequate yield (Gholizadeh et al. 2009 ). Similarly Khalifa et al. (2008) found that both economic and biological yields were closely correlated with optimum leaf area index (LAI) of plant community of different rice cultivars. Therefore, higher LAI is an important trait for achieving higher yields. An increase in the LAI was reported in response to the N fertilizer application thereby suggesting an increase in the yield of the rice plants. Similarly, high LAI in response to high N application has been reported by Hirose and Oikawa (2012) . In present investigation, total chlorophyll content was found to be higher in response to all the treatments of N, which was found in accordance with Li et al. (2012) who showed that in rice seedlings chlorophyll content decreased by 8% when fed with low N and increased by 12% when fed with high N. Very close link between chlorophyll and N content has been proved earlier by Amaliotis et al. (2004) . Crop plants grown on soils with sufficient amounts of available N showed a rapid growth with a healthy green color. N deficiency results in plants of poor color and quality (Cen et al. 2006) . In similar experiments Bojovih and Markovih (2009) also reported that N being a structural element of chlorophyll affects formation of chloroplasts and accumulation of chlorophyll in them.
Biological yield depends on many factors like leaf area, chlorophyll content, total photosynthetic efficiency of the crop cover, with all of these factors being affected by increase in the N levels. Therefore, in present investigation increase in leaf area and total chlorophyll content directly correlates with the increase in the yield of the rice plants treated with high doses of N. Similar response was observed by Tari et al. (2009) . Moreover, rice fed with high N produces high grain yield, because N application stimulates the growth of superficial roots and increases grain yield more efficiently, mainly because of improved grain filling (Yang and Sun 1990) . This has been found in accordance with and hence justifies the higher yield observed the rice genotype Krishna Hamsa, which showed higher biological as well as grain yields. In a similar study same effect of N application has been observed on grain yield by Wei et al. (2012) and Li et al. (2012) . The GHI (Grain Harvest Index) is a useful index in evaluating treatment effects on partitioning photo assimilates to grain during reproductive growth stages and varies for different cultivars and environmental conditions. Thus it is considered as an important trait for improving grain yield in cereals (Fageria 2007 (Fageria , 2009 .
The GHI values of modern crop cultivars are commonly higher than old traditional cultivars for major field crops (Ludlow and Muchlow 1990) . Upland rice yield can be significantly improved with developing genotypes of higher grain harvest index (George et al. 2002) . Furthermore, higher N use efficiency has also been observed in rice cultivars with high harvest index (Bufogle et al. 1997) . It was observed that N content in grains in directly proportional to N supply. These results are confirmed by (Kaushal et al. 2010) who also reported that N content in grains increased significantly with the increase in N level from 90 to 120 kg N ha -1 through highest value was recorded at 150 kg N ha -1 . Decreased in ANUE and PNUE indicated that capability of yield increase per kg pure N declined remarkably with increasing N application. Excessive use of N fertilizers resulted in decrease in physiological N-use efficiency and causes serious environmental pollution reported by Jiang et al. (2005) . The uptake of N by different rice varieties increases with increasing the rates of N application, but it reduces the N use efficiency. It was observed that with increasing N application, ANUE and PNUE of all genotypes were decreased significantly. It indicated that the capability of increase in yield per kilogram pure N declined remarkably with increasing N application. A similar result has been reported by (Li et al. 2012) , who showed that lower PNUE under high N supply will finally result in a lower NUE. Similar results were also reported by Quanbao et al. (2007) and Feng et al. (2011) in their studies.
Since N is closely related to the growth of plants, appropriate application of N results in the increase in vegetative growth and ultimately in higher yield of the plants. The application of N to the rice plants has proved to be an important strategy that can be used to improve plant growth as well as yield attributes of rice plants. It is important to monitor the N status of rice and thereby to adjust the rate of N fertilization in order to increase N use efficiency and yield. Hence, evaluation of doses of N-fertilizer application is important because, not only it is cost effective but it is an important issue for soil pollution. Based on the results of this study it can be concluded that maximum grain yield of rice was obtained with the application of 100 kg ha -1 N. Plant growth like LAI, and yield component like panicle number significantly and positively associated with grain yield.
